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The availability of relatively cheap hand-held Global
Positioning System (GPS) receivers from the 1990s
opened new opportunities for detailed and rapid
mapping of features, including biological ones. These
opportunities were further enhanced by the removal, on
2 May 2000, of “selective availability” by the United
States Department of Defense, whereby position fixes
had been substantially degraded.
Most species of seabirds breed in colonies. For
some ground-nesting species, nests may be so closely
packed that breeding birds are within pecking distance
of their nearest neighbours. In such cases, maximum
density is achieved by hexagonal packing, as shown
for royal terns Sterna maxima and African penguins
Spheniscus demersus (Buckley and Buckley 1977,
Siegfried 1977). In contrast, other ground-nesting
seabirds breed at much greater inter-nest distances, in
what might be called loose colonies. Examples of
such species include the great albatrosses of the genus
Diomedea (Warham 1990, Tickell 2000).
Scott (1993) analysed the distribution of nest sites
of the wandering albatross D. exulans using triangu-
lation data collected with a Vickers Instruments pris-
matic compass in three long-term study colonies at
subantarctic Marion Island, Prince Edward Islands, in
the southern Indian Ocean, whose boundaries had
been previously surveyed trigonometrically. The error
ellipses of nest positions were unsatisfactorily large,
probably on account of the difficulties of obtaining ac-
curate data with a hand-held compass in often windy
conditions, so the approach failed to produce results
considered useful.
Albatross Valley, on the east coast of Prince Edward
Island, 21 km from Marion Island, supported 1 182 pairs
of wandering albatrosses in December 2001 (Ryan et
al. 2003). It is reputed to have the largest nest density
of any colony of wandering albatrosses in the world,
but hitherto, no density data have been available for
this little-visited island. The main objective of this
study is to describe and compare nest densities within
wandering albatross colonies at Marion and Prince
Edward islands obtained by use of a GPS receiver. The
aim is also to provide guidelines for the use of GPS re-
ceivers for measuring densities of birds in loose
colonies.
MATERIAL AND METHODS
Prince Edward Island (44 km2; 46°38´S, 37°57´E)
was visited under special entry permit from 17 to 22
December 2001 (Ryan et al. 2003). Among other ob-
jectives, all wandering albatross nests in Albatross
Valley belonging to the 2001/02 breeding cohort
were counted; the handful of remaining chicks from
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the 2000/01 cohort that had not yet fledged were ig-
nored (Ryan et al. 2003). On 20 and 21 December
2001, 18 months after the removal of selective avail-
ability, a stand-alone handheld GPS receiver (Garmin
II+) was used by LGU to record the position of the
nests of as many of the 2001/02 cohort of wandering
albatrosses in Albatross Valley as could be visited in
the time available. To avoid unnecessary disturbance to
the birds, observations were offset by 2 m to the east of
the actual nest sites. Each nest was marked as having
had its position recorded by making a small hole in
the ground at this point with a pole. Two small clusters
of nests, isolated from the remainder of the colony,
could not be reached, and two clusters of nests in the
valley west of R.S.A. Point were also recorded.
Coordinates were recorded to a thousandth of a
minute; at the latitude of the Prince Edward Islands,
these represent 1.8 m of latitude and 1.3 m of longitude.
However, the accuracy is not as fine as this, and,
even with the removal of selective availability, errors
in coordinates with handheld GPS units are approxi-
mately an order of magnitude larger (Merry 2000;
see Discussion).
On Marion Island (290 km2; 46°38´S, 37°57´E),
SLP similarly recorded the positions of wandering
albatross nests between 27 December 2001 and 12
April 2002 using a GPS receiver (Garmin 12XL) as
part of a complete round-island count of nesting
birds and other fieldwork.
The geographical coordinates were transformed
into rectangular coordinates in metres, using the rela-
tionship that one minute of latitude is 1 852.3 m and
one minute of longitude is 1 271.8 m at the latitude
(46°37´S) of Albatross Valley; these distances were
computed using the algorithm of Imboden and Imboden
(1972). On Marion Island, one minute of longitude
averaged 1 265.3 m.
A rectangular grid, in metres, was used to map the
colonies. Nest counts per quadrat were computed
using quadrats with sides 25, 50 and 100 m. To make
the counts independent of quadrat size, counts were
expressed as nests per hectare (ha) by multiplying by
16, 4 and 1, for the quadrats with sides 25 m (area
0.0625 ha), 50 m (0.25 ha) and 100 m (1 ha) respec-
tively. For those quadrats that contained at least one
nest, summary statistics (mean, median, quartiles)
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Table I: Densities and other statistics relating to the nest densities of wandering albatrosses at the Prince Edward Islands in the
2000/01 breeding season
Parameter Albatross Valley Albatross Valley (offset) Colony near R.S.A. Point1 030 nests 1 030 nests 28 nests
Quadrat grid 025 m 050 m 100 m 025 m 050 m 100 m 25 m 50 m 100 m
Quadrats per ha 016 004 001 016 004 001 16 04 001
Density (nests ha-1)
Lower quartile 016 008 003 016 004 003 16 06 002.2
Median 032 016 007.5 032 012 008 16 08 004
Upper quartile 048 028 019.5 048 032 020 32 12 005.8
Maximum 1 176 124 060 192 092 061 48 24 010
Maximum 2 176 096 059 176 092 050 48 24 006
Maximum 3 160 088 051 176 088 049 32 12 005
Maximum 4 160.0 088 050 176 080 044 32 12 004
Maximum 5 160 084 044 160 072 038 32 08 003
Maximum 6 160 084 043 160 068 036 32 08 002
Maximum 7 160 080 036 160.0 068 034 32 08 0010
Maximum 8 144 080 034 144 068 034 32 08
Maximum 9 144 072 034 144 068 030 16 08
Maximum 10 144 072 029 128 068 030 16 04
Other statistics
Number of occupied quadrats 399 185.0 076 394 191.0 075 21 12 007
Area (ha) 024.9 046.2 076 024.6 047.8 075 01.3 03 007
Mean density 041.4 022.3 013.6 041.9 021.6 013.7 23.6 10.3 004.4
Smallest number of quadrats containing
50% of the total for colony 088 033 014 091 035 015 08 05 003
Area of these quadrats (ha) 005.5 008.2 014 005.7 008.5 015 00.5 01.2 003
Density within these quadrats 093.6 062.4 036.8 090.6 060.6 034.4 31.0 12.4 005.2
were computed. For Albatross Valley alone, for the
colony near R.S.A. Point, for Marion Island as a whole
and, for each of the three study colonies on Marion
Island, Macaroni Bay, Sealer’s Beach and Goney
Plain, the 10 largest densities for each quadrat were
determined. In addition, colony size was estimated as
the area of the quadrats containing at least one nest
(the “area of occupancy”). The minimum number of
quadrats that held 50% of the nests was computed, so
the density within the densest part of the colony could
be estimated.
Clearly, a different placement of the grid would
generate slightly differing values. To obtain an idea
of the extent to which this is an important consideration,
the analyses for Albatross Valley were repeated with
the grid offset by 50 m for the 100-m grid, 25 m for
the 50-m grid, and by 12.5 m for the 25-m grid.
RESULTS
The coordinates of 1 059 wandering albatross nests
on Prince Edward Island were determined, of which
1 030 were in Albatross Valley (87% of the 1 182
counted during the December 2001 survey, Ryan et
al. 2003), 28 near R.S.A. Point and one near Cave Bay.
On Marion Island, 1 779 nest positions were deter-
mined, 95% of the total population of 1 869 occupied
nests (Crawford et al. 2003), spaced around the whole
island.
At the three grid scales examined, the largest den-
sities were obtained in Albatross Valley (Table I).
When a 100-m grid, generating 1-ha quadrats, was
placed over Albatross Valley (Fig. 1), 76 of the quadrats
contained at least one nest, and the maximum density
in any single quadrat was 60 nests ha-1. With 50- and
25-m grids (0.25-ha and 0.0625-ha quadrats), the
maximum nest counts per quadrat were 31 and 11 re-
spectively, equivalent to maximum densities of 124
and 176 nests ha-1 respectively (Table I).
In all, 71 of the 1-ha quadrats in Albatross Valley
contained at least one nest, yielding a total colony area
of 76 ha. At this grid scale, there were no quadrats
without nests that were entirely surrounded by quadrats
with nests (Fig. 1). With 50- and 25-m grids, 185 and
399 quadrats contained nests, and the colony areas
were 46.2 and 24.9 ha respectively. For those quadrats
that contained at least one nest, the overall average
nest densities were 13.6, 22.3 and 41.4 nests ha-1 for the
1-, 0.25- and 0.0625-ha quadrats respectively (Table I).
The results obtained when the grids were offset by
half the length of the quadrat were similar to the origi-
nal results for Albatross Valley (Table I). These off-
set results are not considered further.
Using 100-, 50- and 25-m grids, the numbers of oc-
cupied grid cells (and their areas) on Marion Island
were 757 (757 ha), 1 224 (306 ha) and 1 531 (95.7 ha)




























Fig. 1: Location of wandering albatross nests in Albatross
Valley on Prince Edward Island, overlaid with a 100-m
grid. The line y = 0 corresponds to 46°38.3100´S,
the line y = 2 400 to 46°37.0151´S, the line x = 0 to
37°58.4952´E and the line x = 1 200 to 37°59.4386´E.
No digital map is available to insert coastline or rivers
respectively. The respective overall densities (nests ha-1)
were 2.43, 5.81 and 18.6 (Table II). In the three study
colonies on Marion Island, at Macaroni Bay, Sealer’s
Beach and Goney Plain, the density statistics did not
differ greatly from the overall densities on the island
(Tables II and III). Nest densities in the small colony
near R.S.A. Point on Prince Edward Island were
larger than in these study colonies (Table I). 
DISCUSSION
Accuracy of GPS coordinates
The main sources of error (and their approximate
standard deviations, SD) of the accuracy of horizontal
GPS coordinates are satellite orbit (5 m), satellite
clock (5 m), ionospheric refraction (5–15 m), tropo-
spheric refraction (0.5–2 m), multipath reflection
(0–10 m) and receiver resolution (0.1–2 m; Merry
2000). Assuming no correlation between these error
sources, the anticipated minimum and maximum
overall SDs are 8.7 and 18.9 m respectively (computed
from the square root of the sum of squares of the
SDs). Assuming a normal distribution, this is inter-
preted as meaning that, at best, a circle with radius
8.7 m centred on the GPS reading will be 68% certain
of containing the true horizontal coordinates of the
point, and that a circle of diameter 17.1 m (=1.96 × 8.7)
will be 95% certain of containing the true coordinates.
In practice, however, smaller SDs are frequently ex-
perienced, especially when satellite geometry is good
and there are no multipath effects. For example, Merry
(2000), in an experiment in which the horizontal co-
ordinates had been predetermined to within 0.15 m,
found that a Garmin 2+ GPS receiver, similar to that
used on Prince Edward Island, yielded an SD of 2.8 m,
based on 120 recordings made over a period of three
days. Given the lack of reflective surfaces in the
wandering albatross colonies on the Prince Edward
Islands, multipath reflection effects were probably
small.
Assuming that the position of each nest is deter-
mined independently, the SD of the inter-nest dis-
tances is given by the square root of twice the squared
SD of the position fixes. For an optimistic SD of 2.8 m,
the standard deviation of an inter-nest distance would
be 4.0 m (= 2 × 2.82)0.5). For the theoretical anticipated
minimum and maximum SD of 8.7 and 18.9 m, the
inter-nest distance SDs would be 12.3 and 26.7 m re-
spectively. These are greater than the observed dis-
tances between most neighbouring nests in Albatross
Valley. Therefore, it was deemed unwise to calculate
statistics based on inter-nest distances from the coor-
dinates obtained during this study. Consequently, the
analysis was focused on statistics based on nest den-
sities within quadrats; the quadrats based on a 25-m
grid probably represent the finest grid at which mean-
ingful results can be obtained.
However, there is autocorrelation in time between
errors (C. L. Merry, University of Cape Town, pers.
comm.). In the context of this analysis, this means that
the positions of nests determined over a short period
of time are all likely to have a similar shift relative to
their true coordinates. Inter-nest distances calculated
from these positions are likely to be more accurate
than the above analysis suggests. Observational ex-
periments, using a configuration of points at known
distances apart, with a careful record of the time at
which each position fix was made, would be valuable
in assessing this. The objective of the experiment
would be to produce guideline times during which
position fixes for all the nests in quadrats of various
sizes need to be determined.
Differential GPS could potentially reduce errors to
<1 m. Besides the equipment being cumbersome rela-
532 African Journal of Marine Science 25 2003
Table II: Densities and other statistics relating to the nest den-
sities of wandering albatrosses at Marion Island in
the 2000/01 breeding season
Parameter Marion Island 1 779 nests
Quadrat grid 25 m 50 m 100 m
Quadrats per ha 16.0 4.0 1.0
Density (nests ha-1)
Lower quartile 16.0 4.0 1.0
Median 16.0 4.0 2.0
Upper quartile 16.0 8.0 3.0
Maximum 1 128.0 36.0 18.0
Maximum 2 96.0 36.0 15.0
Maximum 3 80.0 32.0 14.0
Maximum 4 80.0 32.0 13.0
Maximum 5 80.0 32.0 13.0
Maximum 6 64.0 28.0 11.0
Maximum 7 64.0 28.0 10.0
Maximum 8 64.0 24.0 10.0
Maximum 9 64.0 24.0 9.0
Maximum 10 64.0 24.0 9.0
Other statistics
Number of occupied quadrats 1 531.0 1 224.0 757.0
Area (ha) 95.7 306.0 757.0
Mean density 18.6 5.8 2.4
Smallest number of quadrats
containing 50% of the total
for colony 643.0 348.0 151.0
Area of these quadrats (ha) 40.2 87.0 151.0
Density within these quadrats 22.1 10.2 5.9
tive to a 150 g hand-held GPS receiver, these depend
on regional monitoring stations on the ground to pro-
vide correction signals, and the nearest such stations
to the Prince Edward Islands are in South Africa, and
would be unlikely to improve accuracy over that
achieved by the stand-alone GPS receiver as used in
this study (C. L. Merry, pers. comm.).
A comparison of nest density and nearest-neighbour
distance in great albatrosses
Great albatrosses breed at Subantarctic and southern
cool-temperate islands in loose colonies on coastal and
inland plains and gentle slopes with short vegetation,
often in mires (Marchant and Higgins 1990, Tickell
2000), but information on nest densities for the genus
is limited. At Bird Island, South Georgia, Tickell (1968)
reported wandering albatross nest densities of 40–106
nests ha-1 in “most favoured” areas. At Possession
Island, Crozet Islands, nest densities in three areas were
0.35, 0.82 and 1.01 nests ha-1 (Weimerskirch and
Jouventin 1987), more than two orders of magnitude
less dense than at Bird Island. This difference is prob-
ably partly because densities were measured in small
(0.85–2.5-ha) study plots on Bird Island, but over
areas ranging from 1.6 to 5.1 km2 in size on Possession
Island, and probably containing some areas unsuit-
able for breeding.
Nest densities for the Antipodean albatross D. an-
tipodensis and Gibson’s albatross D. gibsoni have
been reported as 20 and 26 nests ha-1 respectively
(Warham and Bell 1979, Warham 1990). Ryan et al.
(2001) gave nearest-neighbour distance for the Tristan
albatross D. dabbenena as “as little as 3 m”, but noted
that nests were as far as 500 m apart. No nest density
data are available for this species of great albatross.
Westerskov (1963) and Warham (1990) reported 153
and 20 nests ha-1 respectively for the southern royal
albatross D. epomophora at Campbell Island, where
the species breeds in broadly similar habitat to that
of wandering albatrosses (JC pers. obs.). In contrast,
the northern royal albatross D. sanfordi breeds at a
density as large as 520 nests ha-1 and approaching
800 nests ha-1 on the The Forty-Fours and The Big
Sister, Chatham Islands, respectively (Robertson 1974).
Because of the wide variety of approaches to com-
puting nest densities, it is difficult to make strong
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Table III: Densities and other statistics relating to nest densities of wandering albatrosses at the three study colonies on Marion
Island in the 2000/01 breeding season
Parameter Macaroni Bay Sealers Beach Goney Plain28 nests 117 nests 140 nests
Quadrat grid 25 m 50 m 100 m 025 m 050 m 100 m 025 m 50 m 0100 m
Quadrats per ha 16 04 001 016 004 001 016 04 0001
Density (nests ha-1)
Lower quartile 16 04 001 016 004 001 016 04 0002
Median 16 04 001 016 004 002 016 08 0004
Upper quartile 16 04 002 016 008 003 016 08 0006
Maximum 1 32 08 004 032 012 009 080 24 0013
Maximum 2 32 08 002 032 012 007 064 20 0009
Maximum 3 16 08 002 032 012 006 064 20 0009
Maximum 4 16 08 002 032 012 006 048 20 0008
Maximum 5 16 08 002 032 012 005 048 20 0008
Maximum 6 16 04 002 032 012 005 048 16 0007
Maximum 7 16 04 002 032 012 005 032 16 00070
Maximum 8 16 04 001 032 012 005 032 16 0006
Maximum 9 16 04 001 016 012 004 032 16 0006
Maximum 10 16 04 001 016 008 0040 032 12 0006
Other statistics
Number of occupied quadrats 26 23.0 019 109.0 082.0 046 105.0.0 70 0032.0
Area (ha) 01.6 05.8 019 006.8 020.5 046.0.0 006.6 17.5 0032
Mean density 17.2 04.9 001.5 017.2 005.7 002.5 021.2 08.0 0004.4
Smallest number of quadrats containing
50% of the total for colony 13 10 007 052 026 013 036 20000 0010
Area of these quadrats (ha) 00.8 02.5 007 003.3 006.5 013 002.3 05.0 0010
Density within these quadrats 17.2 05.6 002.0 018.0 009.1 004.5 031.1 14.0 0007.0
comparisons between these studies. However, knowing
the coordinates of each nest as accurately as can be
achieved, even with stand-alone hand-held GPS re-
ceivers, enables alternative approaches to be explored
and compared. The concept of applying a grid of an
appropriate dimension, as done here, enables an “area
of occupancy” to be calculated in an objective way.
The scale of this grid makes a considerable differ-
ence to the results, as demonstrated in Tables I–III.
Of the three grid scales considered in this study, the
100-m grid reveals large areas that do not contain
nests (Fig. 1), and which may therefore be unsuitable
habitat. This biases nest densities downwards. The
25-m grid, especially on Marion Island where nest den-
sities are relatively low, resulted in a large proportion
of quadrats with only a single nest (1 779 nests in 1 531
quadrats, Table II); intuitively, choosing too fine a grid
can generate unrealistically high densities. It is be-
lieved that the 50-m grid, because of the small area
with no nests and relatively small proportion of quadrats
with only one nest, is sensible and appropriate for
wandering albatrosses. Its adoption is therefore pro-
posed when comparing nest densities between breeding
colonies for this species. It might also be appropriate
for other loosely colonial species.
It is clearly desirable that areas selected as study
colonies for birds should be representative of the
population being sampled. Using the 50-m-grid as
the basis of comparison, the colony at Sealers Beach
has a mean density similar to the mean for Marion
Island (5.7 v 5.8 nests ha-1); the colonies at Macaroni
Bay and Goney Plain have densities 16% below and
38% above the average respectively, and close to the
lower and upper quartiles of nest density on the islands
respectively (Tables II and III). From the viewpoint of
nest densities in the three study colonies being repre-
sentative of the range of densities on Marion Island,
they were well chosen.
It would seem that the wandering albatross does
not breed at exceptional densities for a great albatross
in Albatross Valley on Prince Edward Island, with
this study reporting overall mean and median densities,
using a 50-m grid, of 22 and 16 nests ha-1 respectively
(Table I). Although the comparisons are uncertain be-
cause of the differing methods of computing densi-
ties, these densities within Albatross Valley lie within
the reported ranges for other colonies of great alba-
trosses. What does seem to be exceptional is that more
than a thousand pairs breed annually in this valley in
what may be considered a single colony (Fig. 1). This
affords the privileged visitor to this specially protected
island one of the most spectacular ornithological sights
in the world.
ACKNOWLEDGEMENTS
Dr R. J. M. Crawford motivated and led the Prince
Edward Islands Millennium Expedition. We are grate-
ful for the opportunity to have participated in the ex-
pedition, which was sponsored by Marine & Coastal
Management, Department of Environmental Affairs
and Tourism. Permission to enter Prince Edward
Island was given on the advice of the Prince Edward
Islands Management Committee. LGU acknowledges
support from the National Research Foundation, the
Earthwatch Institute, the Darwin Initiative of the UK
Government and the University of Cape Town Research
Committee. SLP was a member of the 58th Over-
wintering Team on Marion Island, supported by the
Directorate: Antarctica and Islands and Branch:
Marine & Coastal Management of the Department of
Environmental Affairs and Tourism. Prof. C. L. Merry,
Department of Geodetics, University of Cape Town,
provided helpful information about GPS accuracy,
and commented on a draft.
LITERATURE CITED
BUCKLEY, P. A. and F. G. BUCKLEY 1977 — Hexagonal packing
of royal tern nests. Auk 94: 36–43.
CRAWFORD, R. J. M., COOPER, J., DYER, B. M., GREYLING,
M. D., KLAGES, N. T. W., RYAN, P. G., PETERSEN, S. L.,
UNDERHILL, L. G., UPFOLD, L., WILKINSON, W., DE
VILLIERS, M. S., DU PLESSIS, S., DU TOIT, M.,
LESHORO, T. M., MAKHADO, A. B., MASON, M. S.,
MERKLE, D., TSHINGANA, D., WARD, V. L. and P. A.
WHITTINGTON 2003 — Populations of surface-nesting
seabirds at Marion Island, 1994/95–2002/03. Afr. J. mar.
Sci. 25: 427–440.
IMBODEN, C. and D. IMBODEN 1972 — Orthodromic and loxo-
dromic formulae for the calculation of distance and direc-
tion between ringing and finding places. Vogelwarte 26:
336–346 [in German].
MARCHANT, S. and P. J. HIGGINS (Compilers) 1990 — Hand-
book of Australian, New Zealand and Antarctic Birds. 1.
Ratites to Ducks. Melbourne; Oxford University Press:
1400 pp.
MERRY, C. L. 2000 — A note of the effect of removing selective
availability from GPS. S. Afr. J. Surveying & Geo-Information
1: 294–296. 
ROBERTSON, C. J. R. 1974 — Albatrosses of the Chatham Islands.
Wildlife – A Review 5: 20–22.
RYAN, P. G., COOPER, J., DYER, B. M., UNDERHILL, L. G.,
CRAWFORD, R. J. M. and M. N. BESTER 2003 — Counts
of surface-nesting seabirds breeding at Prince Edward Island,
summer 2001/02. Afr. J. mar. Sci. 25: 441–452.
RYAN, P. G., COOPER, J. and J. P. GLASS 2001 — Population
status, breeding biology and conservation of the Tristan al-
batross Diomedea [exulans] dabbenena. Bird Conserv. Int.
11: 35–48.
SCOTT, A. V. 1993 — Positioning of Albatross Nest Sites on
534 African Journal of Marine Science 25 2003
Marion Island. Unpublished B.Sc (Land Surveying) thesis,
Department of Surveying and Mapping, University of Natal,
Durban: 82 pp. + 6 appendices.
SIEGFRIED, W. R. 1977 — Packing of jackass penguin nests. S.
Afr. J. Sci. 73: 186–187.
TICKELL, W. L. N. 1968 — The biology of the great albatrosses,
Diomedea exulans and Diomedea epomophora. Antarct.
Res. Ser. 12: 1–55.
TICKELL, W. L. N. 2000 — Albatrosses. The Banks, Mountfield;
Pica Press: 448 pp.
WARHAM, J. 1990 — The Petrels, their Ecology and Breeding
Systems. London; Academic Press: 440 pp.
WARHAM, J. and B. D. BELL 1979 — The birds of Antipodes
Island, New Zealand. Notornis 26: 121–169.
WESTERSKOV, K. 1963 — Ecological factors affecting
distribution of a nesting royal albatross population. In
Proceedings of the XIII International Ornithological
Congress, Ithaca, June 1962. Sibley, C. G. (Ed.): 795–811.
WEIMERSKIRCH, H. and P. JOUVENTIN 1987 — Population
dynamics of the wandering albatross, Diomedea exulans,
of the Crozet Islands: causes and consequences of the pop-
ulation decline. Oikos 49: 315–322.
Underhill et al.: Densities  of Wandering Albatrosses at the Prince Edward Islands2003 535
Albatross Valley, Prince Edward Island (photo R. J. M. Crawford)
